According to Marshall's agglomeration theory, Krugman's New Economic Geography models, and Porter's cluster policies, firms should receive increasing returns from a trinity of agglomeration economies: a local pool of skilled labour, local supplier linkages, and local knowledge spillovers. Recent evolutionary theories suggest that whether agglomeration economies generate increasing returns or diminishing returns depends on time, and especially the evolution of the industry life cycle. At the start of the 21st century, we re-examine Marshall's trinity of agglomeration economies in the city-region where he discovered them. The econometric results from our multivariate regression models are the polar opposite of Marshall's. During the later stages of the industry life cycle, Marshall's agglomeration economies decrease the economic performance of firms and create widespread diminishing returns for the economic development of the city-region, which has evolved to become one of the poorest cityregions in Europe.
Introduction
A industrial district which is dependent chiefly on one industry is liable to 'extreme depression', in case of a falling-off in the demand for its produce, or of a failure in the supply of the raw material which it uses.
(Alfred Marshall, 1890, 273) study. Section 5 outlines the empirical results from a series of multivariate regression models (for the manufacturing sector as a whole) and from the bivariate regression analysis of the metals industry. Following this, Section 6 discusses the theoretical implications of our findings. Finally, conclusions and future research directions are highlighted in Section 7.
Theoretical framework: evolutionary agglomeration theory
Alfred Marshall (1890) was the first economist to explore how firms and industries evolve, highlighting how different industries are characterized by increasing returns or diminishing returns, and how these change over time 1 (Schumpeter, 1941; Thomas, 1991; Dosi and Nelson, 1994; Raffaelli et al., 2006) . In order to explain the evolution of industries, Marshall (1898) frequently used the metaphor of industries as forests with young, mature, and dying trees that follow an evolutionary life cycle. Building upon this theoretical perspective, many scholars argue that industries evolve according to a similar pattern, known as the industry life cycle (which is also referred to as the 'product life cycle') (Vernon, 1966; Klepper and Grady, 1990; Klepper, 1996; Agarwal and Gort, 2002; Agarwal and Audretsch, 2001 ). According to this theory, the archetypal evolution of an industry follows a logistic curve, which consists of an embryonic stage, followed by a growth stage, which is then succeeded by a mature stage, and an eventual decline stage (Segerstrom et al., 1990; Jovanovic and MacDonald, 1994; Klepper, 1997; Greenstein and Wade, 1998) . In particular, empirical research has found that the evolution of many industries follow this logistic curve, which is remarkably similar to the development path of many cities and regions that contain an agglomeration of firms within one industry (Norton and Rees, 1979; Booth, 1986; Audretsch and Feldman, 1996; Press, 2006) . Whilst some industries and regions have their own idiosyncrasies that can alter the nature of their development, many do evolve according to the industry life cycle (Storper, 1985) .
Building upon Marshall's (1890) theoretical perspective, we outline an Evolutionary Agglomeration Theory (EAT) that explains how the industry life cycle influences the evolution of an agglomeration over time and across geographical space. Specifically, we argue that Marshall's (1890) agglomeration economies create greater economic performance and increasing returns at the start of the industry life cycle, but declining economic performance and diminishing returns during the later stages of the industry life cycle. To explain this rationale, we have developed a theoretical model called the Agglomeration Life Cycle (ALC) Model that illustrates how the incentives to agglomerate and disperse evolve over time, and how the industry life cycle changes the relationship between Marshall's (1890) agglomeration economies and economic performance ( Figure 1 ). This Evolutionary Agglomeration Theory (EAT) is based primarily upon recent theoretical developments within Evolutionary Economic Geography (EEG) (Boschma and Lambooy, 1999; Boschma and Frenken, 2006; Boschma and Martin, 2007; Frenken, 2007) , research into the evolution of the industry life cycle (Vernon, 1966; Abernathy and Utterback, 1978; Klepper, 1996) , and Marshall's (1890) original theories of agglomeration, increasing returns, and diminishing returns. The theory has also been informed by concepts from regional science and urban economics (Von Thu¨nen, 1826; Alonso, 1964; Ha¨gerstrand, 1967) , New Economic Geography (Krugman, 1991a; Brezis and Krugman, 1997; Fujita et al., 1999) , and detailed empirical research and case studies into the histories and evolution of industries, agglomerations, networks, and supply chains (Womack et al., 1990; Grabher, 1993; Saxenian, 1994; Henderson et al., 2002; Phelps and Ozawa, 2003; Glaeser, 2005; Klepper, 2007; Wal and Boschma, 2010; Menzel and Fornahl, 2009; Neffke et al., 2010) . In addition, like many of the studies of Evolutionary Economic 
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Geography (EEG) cited above, we also draw insights from theories within biological science, evolutionary biology and biogeography (Darwin, 1859; Ehrlich and Raven, 1964; Axelrod and Hamilton, 1981; Holland, 1992) , evolutionary economics and economic biology (Veblen, 1898; Schumpeter, 1942; Nelson and Winter, 1982; Hayek, 1945) . In drawing metaphors from other disciplines it must be stressed these are just metaphors which are used here to highlight the close connection between the literature on evolutionary biology and Evolutionary Economic Geography (EEG) (Barnes, 1996) . Although such metaphors assist in the development of our arguments there are the limitations of drawing analogies between different disciplines as has been highlighted by Barnes (1996) . Figure 1 outlines the details of the Agglomeration Life Cycle (ALC) Model, within which agglomeration economies (i.e. centripetal forces) and dispersion economies (i.e. centrifugal forces) are represented along the x-axis, whilst the returns (or economic performance) that firms experience are illustrated along the y-axis. The four lines within the Agglomeration Life Cycle (ALC) Model illustrate the relationship between agglomeration economies, dispersion economies and returns (or economic performance) during the four different stages of the industry life cycle (i.e. t 1 , t 2 , t 3 and t 4 ). Each of the four lines represent the returns (or economic performance) a firm will experience from different combinations of agglomeration economies and dispersion economies at that time period within the industry life cycle. For example, consider a typical firm within an industrial agglomeration, as represented by 'firm A' along the x-axis of Figure 1 . If this firm decides to increase the extent of agglomeration economies it experiences, by either employing a greater proportion of its employees from a local pool of skilled labour, by sourcing a larger share of materials from local suppliers, or by increasing its reliance upon local knowledge spillovers, then the firm will shift to the left along the x-axis. Such an increase in agglomeration economies will cause the firm to experience increasing returns and greater economic performance during the embryonic and growth stages of the life cycle (i.e. at t 1 and t 2 ), constant returns during the mature stage (i.e. at t 3 ), but diminishing returns and declining economic performance during the decline stage of the life cycle (i.e. at t 4 ). In order to explain this evolutionary change, we now explore the different stages of the Agglomeration Life Cycle (ALC) Model in greater depth.
Embryonic agglomeration
The beginning of the industry life cycle starts with a mutation process (Schumpeter, 1942) . This occurs when a small group of inquisitive individuals, entrepreneurs, scientists, technologists, and R&D-intensive firms begin to develop new knowledge, routines, technology, radical innovations, products and services that do not exist within the marketplace (Schumpeter, 1942; Audretsch and Feldman, 1996; Klepper, 1997) . Importantly, these firms will experience a first-mover advantage by being the first firms to enter the embryonic industry, and will become the common ancestors from which different descendents and species of firm will evolve within the industry (i.e. as illustrated by Darwin's (1859) famous tree of life theory) (Lieberman and Montgomery, 1988) . During this creative period, the embryonic industry is characterized by high rates of start-up (i.e. firm birth), spin-off (i.e. heredity), and firm entry (i.e. migration), from which emerges one of the most important drivers of evolution: competition (i.e.
Geography is crucial during the embryonic stage because a number of evolutionary processes occur which encourage firms to agglomerate in close geographical proximity (Boschma and Frenken, 2006) . First, a small number of firms begin to agglomerate in close geographical proximity to the founders, entrepreneurs, and star scientists who create start-up firms within the industry, a process known as the founder effect (Zucker and Darby, 2006) . Second, owing to heredity and the spin-off process, the firms that spin off from their parent firm will naturally inherit some of the knowledge and routines that enabled their parent firm to become successful, and because spin-off firms often colocate near to their parent firm, especially through kin selection, this also fosters agglomeration (i.e. which is similar to the biological theory of vertical gene transfer whereby genes are passed down from parents to their offspring over time) (Futuyma, 1998; Boschma and Frenken, 2006; Boschma and Wenting, 2007; Campbell et al., 2008) . Third, the tacit knowledge created within the new industry remains inherently difficult to transfer between firms except when they agglomerate are in close proximity, which, in many ways, is analogous to the biological theory of horizontal gene transfer that occurs when genes are transferred between different organisms and species (Hayek, 1945; Von Hippel, 1998; Ricklefs and Miller, 2000; Wal and Boschma, 2010) . Fourth, although the firms within the embryonic agglomeration maintain global linkages and knowledge of different technologies throughout the life cycle, over time many also specialize in particular stages of production (i.e. the evolution of generalist and specialist species) (Ridley, 2004) . This increases the agglomeration's biodiversity and results in the development of a local supply chain and a local production network, which is analogous to the interdependence found within a biological food chain or food web (Campbell et al., 2008) . Fifth, during this period many firms choose to remain within the agglomeration in order to maintain their local social ties, network centrality, network connectivity, and supply chain linkages that are characterized by a high degree of embeddedness, relational trust, altruism, reciprocity and cognitive proximity (i.e. biological co-operation) (Axelrod and Hamilton, 1981; Granovetter, 1985; Pyke et al., 1990; Gertler, 1995) . Sixth, through the imitation process, competing firms begin to imitate, mimic, and reverse engineer the new products and routines developed by the first movers within the industry, and because imitation is facilitated by geographical proximity, this encourages firms to agglomerate as well (i.e. biological mimicry) (Mansfield, 1961; Lippman and Rumelt, 1982; Zander and Kogut, 1995; Ridley, 2004) . Finally, just like random genetic variation, it is also possible that industries and agglomerations evolve from a random process in which chance events become magnified and sustained through positive feedback loops, cumulative causation, and selfreinforcing effects (Arthur, 1994; Ricklefs and Miller, 2000) .
Eventually, as a result of spontaneous order, an embryonic agglomeration begins to develop within a particular locality that resembles a local ecosystem where firms experience greater economic performance and increasing returns by agglomerating in close geographical proximity (Audretsch and Feldman, 1996) . For instance, attracted by the greater returns within the agglomeration, and especially by the first-mover advantage (Lieberman and Montgomery, 1988) , a growing number of firms begin to migrate and relocate to the agglomeration (i.e. herd behaviour) (Banerjee, 1992) . Consequently, during the embryonic stage of the industry life cycle, firms experience increasing returns from agglomeration economies, but diminishing returns from dispersion economies (i.e. during t 1 in Figure 1 ).
Growth agglomeration
After a long process of learning by doing and incremental innovations, many of the technological problems that prevented the industry from growing are solved, which enables firms to ramp up the production of new products (Arrow, 1962; Jovanovic and Lach, 1989) . As success breeds success, the embryonic stage evolves into the growth stage of the industry life cycle, which is characterized by a rapid increase in the rates of firm entry, start-up, spin-off and survival combined with a continued low rate of firm exit from the industry (Dunne et al., 1988; Klepper and Miller, 1995) . For example, empirical research has found that during this period in the industry life cycle there can be increases of 30% or more in the number of firms within the industry (i.e. biological population growth) (Klepper, 1996; Agarwal and Gort, 2002) . Within this environment, firms continue to compete by pursuing a product differentiation strategy that emphasizes the use of R&D to create radical product innovations, which also helps to increase the biodiversity of the agglomeration's ecosystem (i.e. niche differentiation) (Utterback and Abernathy, 1975; Audretsch and Feldman, 1996) . In addition, it is during the early stages of the industry life cycle that venture capitalists, institutional investors, trade associations, supportive institutions, universities, and professional gatherings become involved with the industry, often choosing to collocate in close proximity to the firms within the agglomeration to ensure network centrality and connectivity (Boschma and Frenken, 2009; Grabher, 2009) .
Once again, there is a geographical dimension as both new and existing firms continue to agglomerate in close geographical proximity, thus creating a large growth agglomeration that has a positive lock-in effect for regional development (Pyke et al., 1990; Porter, 1990; Saxenian, 1994) . For example, through the replication process, as successful firms grow they reinvest their profits into developing their own R&D capabilities, increasing their workforce, expanding their existing production capacity, building local supply chains, and establishing local subsidiary plants (e.g. clone plants) (i.e. a process that resembles asexual reproduction) (Ricklefs and Miller, 2000; Winter and Szulanski, 2001 ). This not only contributes to the growth of the agglomeration but also fosters the local replication and diffusion of successful routines (Ha¨gerstrand, 1967; Frenken and Boschma, 2007) . Importantly, during the early stages of the industry life cycle, an agglomeration evolves that generates increasing returns at the local scale, especially from Marshall's (1890) trinity of agglomeration economies: a local pool of skilled labour, local supplier linkages, and local knowledge spillovers. First, the creation of a local pool of skilled labour facilitates specialization, fosters the replication of successful routines through labour mobility, and raises the overall fitness of the agglomeration's routines (i.e. which is analogous to the biological theory of gene flow, whereby new routines flow between different local firms through labour mobility) (Camagni, 1991; Bathelt et al., 2004; Ridley, 2004; Storper and Venables, 2004) . Crucially, these Marshallian (1890) agglomeration economies play an important role within the city-region's economy, as they allow firms within the agglomeration to experience external economies of scale that are external to any single firm, but are internal and place-specific to the agglomeration as a whole.
Ultimately, during the growth stage of the industry life cycle, the firms that rely upon a local pool of skilled labour, maintain local supplier linkages, and receive local knowledge spillovers will experience greater economic performance and increasing returns (Marshall, 1890; Young, 1928) . By having a large agglomeration of firms at the growth stage of the industry life cycle, the surrounding region thus benefits from a phenomenal period of economic growth and prosperity, as illustrated by the growth of the metals industry within Sheffield during the late 19th century (Marshall, 1890) , the growth of the automotive industry within Detroit during the early 20th century (Klepper, 2007) , and the recent growth of the computer industry within Silicon Valley (Saxenian, 1994) . However, the rapid growth in the number of firms also causes the returns within the industry to begin to diminish (Klepper, 1996) . Similarly, the increasing agglomeration of firms within one locality also causes a number of negative externalities to emerge within the agglomeration, such as higher labour costs, greater land rents, congestion costs, and pollution (Phelps and Ozawa, 2003) . Put simply, the growth agglomeration becomes a victim of its own success. Eventually, because of the changes that take place within the industry and the agglomeration, the returns from agglomeration begin to diminish (as shown by the 'decreasing agglomeration economies' from t 1 to t 2 in Figure 1) . Consequently, the agglomeration starts to spread out across geographical space, which results in the development of a regional supply chain and a regional hub-and-spoke production network (Markusen, 1996) that enables firms in the surrounding region to begin to experience increasing returns from dispersion economies (as represented by the 'increasing dispersion economies' from t 1 to t 2 in Figure 1 ).
Mature agglomeration
Although the rate of evolution varies between different industries, few industries are capable of sustaining growth indefinitely, and the growth stage is eventually succeeded by the mature stage of the industry life cycle (Klepper, 1996) . During this period, a number of evolutionary changes occur that cause the industry to mature. First, because of the knowledge codification process, the knowledge within the industry becomes codified and transferable across geographical space with lower transaction costs (Williamson, 1975; Audretsch and Feldman, 1996; Bathelt et al., 2004) . Second, due to natural selection, a dominant design emerges within the industry that enables products to become standardized and produced using capital intensive high-volume mass production processes rather than craft production processes (i.e. the standardization process) (Abernathy and Utterback, 1978; Hayes and Wheelwright, 1979; Sua´rez and Utterback, 1995) . Third, a research shift occurs, as firms begin to shift their R&D emphasis away from a product differentiation strategy that focuses on product innovation and towards a cost-saving strategy that emphasizes production innovation (Klepper, 1997) . Finally, a shake out happens, whereby many firms exit the industry and are no longer replaced by new entrants, which ultimately reduces the total number of firms within the industry and lowers the agglomeration's biodiversity (i.e. survival of the fittest) (Lieberman, 1990; Agarwal and Gort, 1996) .
During this stage of the industry life cycle, the development path of the agglomeration and the surrounding region can become locked in to the path dependent trajectory of the industry life cycle (especially through the competitive exclusion principle or the Upas Tree effect) (Checkland, 1976; Grabher, 1993; Martin and Sunley, 2006) . Consequently, the growth agglomeration evolves into a mature agglomeration, within which an increasing number of firms experience diminishing returns from agglomeration economies, especially from a large shake out of firms, the slowdown in industry growth, local market saturation, fierce local competition, and the persistence of local negative externalities (Phelps and Ozawa, 2003) . At the same time, the evolutionary changes taking place at the mature stage of the industry life cycle, such as the codification of knowledge, the standardization of products, and lower transaction costs, enable many firms to experience increasing returns from dispersion economies (Audretsch and Feldman, 1996) . For instance, motivated by the shift towards costsaving strategies, many of these firms will adapt by dispersing and migrating across geographical space (i.e. biological migration), often towards export markets and lowercost locations outside the city-region (Vernon, 1966; Phelps and Ozawa, 2003) . Such a global shift (Dicken, 2003) is often recognized by the emergence within the industry of international branch plants, multinational companies, foreign direct investment, reagglomerations, international supply chains, global pipelines and national and international production networks that connect the agglomeration to new markets and emerging agglomerations within other parts of the world (i.e. a metapopulation) (Dunning, 2000; Watts, 1981; Bathelt et al., 2004; Hanski, 1998) . Ultimately, the rise in diminishing returns from agglomeration economies, coupled with the rise in increasing returns from dispersion economies, causes firms to experience similar constant returns from either agglomeration economies or dispersion economies (as represented by the horizontal line t 3 in Figure 1 ).
Decline agglomeration
The fourth stage of the industry life cycle is characterized by a period of decline that affects the whole industry, brings benefits to producers and consumers (especially in the form of productivity gains and lower product prices), and has ramifications for the development of the agglomeration and the surrounding city-region (Norton and Rees, 1979; Klepper, 1997) . A number of different factors can trigger the decline stage, including a large shake out of firms, intensive price competition, market overcapacity, disruptive innovations, product substitution, exogenous shocks, or unpredictable changes in the supplier or customer markets (i.e. punctuated equilibrium) (Anderson and Tushman, 1990; Deily, 1991; Klepper, 1996; Gould and Eldredge, 1993) . This decline stage can be characterized by falling product prices, small profit margins, low firm survival probabilities, a high rate of firm exit from the industry, and the dying out of firms with unfit routines (i.e. firm death) (Londregan, 1990; Lieberman, 1990; Agarwal, 1997) . During this period, a large shake out can occur that changes the nature of competition within the marketplace, with some industries experiencing net decreases of 50-80% of firms (i.e. the extinction process) (Klepper and Grady, 1990; Agarwal and Gort, 2002; Ridley, 2004) . Consequently, the firms that remain within the industry, especially the generalist species of firm which are more capable at adaption than Evolutionary agglomeration theory . 425 specialist species, will adapt their routines and place greater emphasis on a variety of new management routines and strategies (i.e. the adaptation process) (Holland, 1992; Teece et al., 1997) . These new routines may include geographic relocation (i.e. the speciation process), industry diversification (i.e. hybridization), increasing plant size (i.e. morphology), business mergers (i.e. which can be analogous with sexual reproduction), and acquisitions (i.e. which can resemble predation) (Ricklefs and Miller, 2000; Campbell et al., 2008) .
During this period of structural change and the creative destruction of economic landscapes (Schumpeter, 1942; Martin and Sunley, 2006) , if a city-region contains an agglomeration of firms that are towards the end of the industry's life cycle, it is likely that Marshall's (1890) trinity of agglomeration economies will decrease the economic performance of firms, create a negative lock-in effect, and generate diminishing returns for the development of the region. First, the firms that continue to depend upon a local pool of skilled labour will specialize in outdated technology, replicate established routines through labour mobility, and experience higher labour costs (i.e. which is analogous to the biological theory of gene flow, whereby established routines continue to flow between different local firms through labour mobility) (Slatkin, 1987; Frenken and Boschma 2007; Maskell and Malmberg, 2007) . Second, as a result of symbiosis, the firms that maintain local supplier linkages will become locked in to old supply chain networks of uncompetitive local suppliers that supply outdated, low quality, highly priced products within the agglomeration (i.e. lock-in via coevolution) (Ehrlich and Raven, 1964; Norton and Rees, 1979; Grabher, 1993) . Third, the firms that rely upon local knowledge spillovers (i.e. local horizontal gene transfer) will receive out-dated technological knowhow, and will, via the lock-out effect, become locked out of the new knowledge developed by new industries and emerging agglomerations in other parts of the world (i.e. global horizontal gene transfer) (Ridley, 2004; Martin and Sunley, 2006) . Consequently, the firms within the city-region are likely to experience diminishing returns from Marshall's (1890) trinity of agglomeration economies on the one hand, but continue to experience increasing returns from dispersion economies on the other (as shown by t 4 in Figure 1 ). As a direct consequence, the agglomeration declines in size and causes many firms to adapt by dispersing across geographical space in search of new sources of greater economic performance (i.e. biological dispersal). This will ultimately lead to the development of a Global Production Network (i.e. which can resemble the connectivity found within a biological neural network), a global supply chain, and network economies that are no longer reliant upon the original agglomeration (Bair and Gereffi, 2001; Henderson et al., 2002; Johansson and Quigley, 2004) .
Thus, during the later stages of the industry life cycle, Marshall's (1890) trinity of agglomeration economies will no longer generate increasing returns that contribute to the region's development. Quite the opposite, we argue that in the long run Marshall's (1890) trinity of agglomeration economies can decrease the economic performance of firms and create widespread diminishing returns that have a negative impact on the development of the city and the surrounding region (i.e. which will lead to a process similar to ecological succession) (Huston and Smith, 1987) . For example, a large shake out of the number of firms within an industry can have a substantial negative impact on the local economy if many of these firms remain agglomerated within a single region (i.e. a local extinction) (Ricklefs and Miller, 2000) . When a region contains a large agglomeration of firms that are all experiencing the decline stage of the industry life cycle, then the costs of the industry's decline (e.g. deindustrialization, delocalization, divestment, negative profits, firm bankruptcy, restructuring, plant closure, and unemployment) will not be distributed evenly across geographical space, as illustrated by the recent declining agglomerations within the Sheffield metals industry and the Detroit automotive industry (Klepper, 2007) . Instead, many of these costs are likely to be intensified within one locality and will therefore create a decline agglomeration that can result in a wider regional recession, or even, as Marshall (1890, 273) argued, an 'extreme depression'.
The 'trinity' of research hypotheses
The theoretical discussion has shown that the evolution of an agglomeration through time and across geographical space can be explained by the evolutionary processes that occur in the industry life cycle. Specifically, we have outlined an Evolutionary Agglomeration Theory (EAT) that explains why Marshall's (1890) agglomeration economies evolve over time in a manner that represents an Agglomeration Life Cycle (ALC) Model. Within this article, we argue that Marshall's (1890) agglomeration economies create greater economic performance and increasing returns during the early stages of the industry life cycle, but declining economic performance and diminishing returns during the later stages of the industry life cycle. To investigate this theory, we aim to examine whether Marshall's (1890) agglomeration economies decrease the economic performance of manufacturing plants during the later stages of the industry life cycle. Consequently, this leads us to three challenging research hypotheses:
Hypothesis 1 (H 1 ): During the later stages of the industry life cycle, relying upon a local pool of skilled labour will decrease the economic performance of firms.
Hypothesis 2 (H 2 ): During the later stages of the industry life cycle, maintaining local supplier linkages will decrease the economic performance of firms.
Hypothesis 3 (H 3 ): During the later stages of the industry life cycle, receiving local knowledge spillovers will decrease the economic performance of firms.
Methodological approach 4.1. The origin of Marshall's (1890) agglomeration theory
Historical documents reveal that Marshall's (1890) agglomeration theory originated from the face-to-face interviews he conducted with managers from manufacturing plants within Sheffield (in the United Kingdom) (Groenewegen, 1995; Becattini, 2006) . Consequently, within the economic geography literature, over 80 economists, geographers and economic historians agree that the Sheffield metals industry is where Marshall (1890) discovered his trinity of agglomeration economies: a local pool of skilled labour, local supplier linkages, and local knowledge spillovers. The long list of authors who have emphasized that Marshall's (1890) agglomeration theory originated from his analysis of the Sheffield metals industry includes many economists, such as Krugman (1991a) , Obstfeld (2009), Venables (1999) , Fujita et al. (1999) , Duranton and Overman (2005) , Matouschek and Robert-Nicoud (2005) , Dunning (2000) , and Rosenthal and Strange (2004) , and geographers, such as Storper (1989) , Evolutionary agglomeration theory . 427 Scott (1999), Bathelt et al. (2004) , Harrison (1992) , Simmie (1997) , Becattini (2006) , Lee (2000) , Amin (2002) , Cooke (1990) and Sabel and Zeitlin (1985) . For example, Krugman and Obstfeld (2009, 140) argue that 'the analysis of external economies goes back more than a century to the British economist Alfred Marshall, who was struck by the phenomenon of 'industrial districts'-geographical concentrations of industry that could not be explained by natural resources. In Marshall's time, the most famous examples included such concentrations of industry as the cluster of cutlery manufacturers in Sheffield. . .' Importantly, Sheffield was the only place where Marshall (1890) argued that all three of his 'trinity' of agglomeration economies existed, as the following passages show clearly:
The leadership in a special industry, which a district derives from an industrial atmosphere, such as that of Sheffield or Solingen, has shown more vitality than might have seemed probable in view of the incessant changes of technique. The explanation is perhaps to be found in the fact that an established centre of specialized skill. . . (Marshall, 1919, 190) .
(ii) Local supplier linkages: Or there may be a movement towards intermediate plans, similar to those which are largely followed in the Sheffield trades. Many cutlery firms for instance put out grinding and other parts of their work, at piece-work prices, to working men who rent the steam power which they require, either from the firm from whom they take their contract or from someone else: these workmen sometimes employing others to help them, sometimes working alone. (Marshall, 1890, 296) .
(iii) Local knowledge spillovers: Sheffield and Solingen have acquired industrial 'atmospheres' of their own; which yield gratis to the manufacturers of cutlery great advantages, that are not easily to be had elsewhere: and an atmosphere cannot be moved. (Marshall, 1919, 176) .
Economic historians have also recently identified how Marshall's (1890) agglomeration theory evolved from the field research he conducted within the Sheffield metals industry (Groenewegen, 1995; Raffaelli et al., 2006) . According to Marshall's personal records, diaries and field notes that are held at the Alfred Marshall Library at the University of Cambridge, he began his research within Sheffield in the autumn of 1885 2 (Groenewegen, 1995) . During his research within Sheffield, Marshall interviewed managers from a wide variety of manufacturing plants in the metal file, metal armour plating, razor, metal steel, cutlery, and metal tool industries. In particular, Marshall interviewed managers from a number of large manufacturing plants, such as Stevenson's metal foundry works, Sorbey's metal saw works, and Jessop's metal steel works (Tweedale, 1995) . Consequently, many economic historians conclude that Marshall's (1890) agglomeration theory can be linked directly to the face-to-face interviews he undertook within the Sheffield metals industry, especially because Marshall's (1890) famous text The Principles of Economics, with a whole chapter dedicated to the localization of industries, was completed soon after he finished his research within Sheffield (Groenewegen, 1995) . Moreover, Marshall (1919, 373) held the Sheffield metals industry with such high regard that he commented 'Sheffield is the home of some of the most delicate of British steel industries; and also of those which are beyond the range of any but a mammoth business: and Sheffield is in all these respects an epitome of Britain.'
The metals industry life cycle
Today, the metals industry is one of the largest and most geographically dispersed industries in the world, with a global supply chain and Global Production Network that spans many developed and developing countries (Chinitz, 1961; Deily, 1991; Grabher, 1993; Henderson et al., 2002; Sadler, 2004) . From a historical perspective, however, many argue that the metals industry evolved from a series of radical innovations that were developed within the agglomeration of manufacturing plants in Sheffield around the same time Marshall (1890) conducted his research within the manufacturing town (Groenewegen, 1995; Hey, 2005 ). Marshall's (1890) interest in Sheffield was no accident: during this period, Sheffield was the Silicon Valley of the Industrial Revolution, and created many radical innovations such as Crucible Steel, Sheffield Plate Metal, the Bessemer Steel Converter, and Manganese Steel, which in turn helped generate a large agglomeration of metal manufacturing plants within the city-region (Hey, 2005) . For example, leading up to Marshall's research within Sheffield, the agglomeration of manufacturing plants within the region had monopolized the metal steel industry, producing 90% of the total metal steel output of Britain and 50% of the total metal steel output of both Europe and North America (Tweedale, 1995) . Consequently, this large metals agglomeration locked the development path of the cityregion into the life cycle of the metals industry. Importantly, it was during this period of rapid economic growth during the early stages of the industry life cycle that Marshall (1890) studied the city-region and discovered that increasing returns were being generated from a trinity of agglomeration economies.
However, during the early 20th century, Marshall (1919) noted that many of the industrial districts he used as examples of how agglomeration generates increasing returns were beginning to mature and eventually decline during the later stages of their life cycle. Uniquely, at the start of the 21st century, a large metals agglomeration still exists within Sheffield and the surrounding region of South Yorkshire . Fortunately, for Sheffield, a further radical innovation was invented within the city which extended the industry life cycle and provided a new development trajectory to the metals agglomeration and the surrounding city-region. This radical innovation was the metal: stainless steel, which is an iron-carbon metal alloy that does not rust, corrode or stain, and was invented by Harry Brearley in 1912 in the city of Sheffield (Tweedale, 1995) . Consequently, the metals agglomeration continued to grow and mature by specializing in the production of stainless and specialist metals, until it too entered the decline stage of its life cycle towards the end of the 20th century (Watts, 1991) .
Somewhat ironically, during the 1980s and 1990s, whilst many economists and geographers were busy using Marshall's (1890) agglomeration theory to argue that agglomeration economies generate increasing returns (Porter, 1990; Krugman, 1991a; Fujita et al., 1999) , few noticed that during this period the same agglomeration as that on which Marshall (1890) based this theory has also caused one of the largest and most Evolutionary agglomeration theory . 429 sustained economic declines in European history. Consequently, the city of Sheffield and the surrounding region of South Yorkshire were formally recognized in the first years of the 21st century as one of the poorest regions within the whole of Europe (Figure 2 ) (European Commission, 2005) . For example, between 1979 and 1995, the GDP per capita of the region, compared to the EU-15 average, declined every year for 16 consecutive years, which culminated in the GDP per capita of the region declining to less than 75% of the EU-15 average in the late 1990s (European Commission, 2005) . This sustained economic decline formally qualified the region for Objective 1 status, which confers the highest level of eligibility for development aid from the European (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) . Notes: Sheffield is the fifth largest city within England, and the surrounding region of South Yorkshire has a total population of 1.4 million people. However, it is also one of the poorest regions within Europe, after its GDP per capita fell to below 75% of the EU(15) average, formally qualifying it as an Objective 1 region (European Commission, 2005) .
Commission, and the region has received £2.4 billion ($4.8 billion) in regional development investment from the European Commission, the UK government, and private contributors for the 2000-2008 programme period.
Data collection
In order to examine our research hypothesis that Marshall's (1890) agglomeration economies are generating diminishing returns for economic performance we collected and analysed empirical data from a large cross-section of manufacturing plants in the manufacturing sector (including a subset of plants within the metals industry) from within the South Yorkshire city-region. Throughout the 20th century, the manufacturing plants that Marshall (1890) studied, and the agglomeration as a whole, have expanded in size (Watts, 1991; Watts et al., 2003) . Therefore, to determine whether Marshall's (1890) agglomeration economies decrease economic performance, we collected plant-level data from a large sample of medium and large manufacturing plants within the South Yorkshire city-region, following formal definitions by the Standard Industrial Classification (2003) and the European Commission (2005) . Plantlevel data enabled us to collect detailed data on individual manufacturing plants, as opposed to aggregated firm-level data that may be biased because of the inclusion of plants that are not in the manufacturing industry or located within the city-region (e.g. multi-site firms, group companies, or multinational enterprises) (Watts, 1991) .
Medium and large manufacturing plants were selected because we are aiming to replicate as closely as possible the original study that Marshall (1890) conducted within the city-region. During his research within the city-region, Marshall (1890) paid close attention to the large manufacturing plants, and conducted many face-to-face interviews with managers from a number of large plants from both the manufacturing sector and the metals industry in particular. Following the same approach as Marshall (1890), we conducted face-to-face interviews with managers of local manufacturing plants from a wide variety of industries in the manufacturing sector and the metals industry. Such an approach enabled us to collect detailed empirical data from a number of the manufacturing plants that Marshall (1890) studied when he conducted his faceto-face interviews within the city-region, and from a large number of firms established within the city-region at around the same time. Within this study, we focus on medium and large manufacturing plants because they also account for the majority of the manufacturing employment within the city region, some 68%, and are still overrepresented within the city-region. For example, location quotient analysis reveals that, in comparison to the national average, the city-region contains a significant overrepresentation of medium and large manufacturing plants (NOMIS, 2005; PA1003, 2005 3 . In addition, the city-region also contains a significant over-representation of manufacturing plants within the metals industry. Importantly, the over-representation of these larger manufacturing plants within the metal industry is primarily the outcome of the evolution of the Agglomeration Life Cycle (ALC) Model, as during the later stages of the life cycle it is common to find that many of the original manufacturers have expanded the size of their plants. Consequently, the economic performance of medium to large manufacturing plants within the metals industry was a key priority for policy makers within the European Commission who were concerned about the economic risk this agglomeration of large declining plants within this industry placed on the development trajectory of the city-region.
A total population of 367 such manufacturing plants was identified from secondary data sources (Companies House, 2005) and local field work within the city-region, which was cross-referenced with similar research conducted by the European Commission (2005) . In all, managers from 79 manufacturing plants within the region were interviewed using a semi-structured interview schedule that had already been pilot tested. Overall, the sample represents a response rate of 22%. In particular, this includes a number of the manufacturing plants that Marshall (1890) studied, and a large number of firms established within the region at around the same time (Tweedale, 1995) . Furthermore, our sample accounts for a large proportion, some 25%, of employment within the manufacturing sector within the city-region (PA1003, 2005). Although twoby-two chi-square tests indicate that our sample is representative of the population of manufacturing plants within the city-region with respect to industry 4 and geographical location, 5 it is worth noting that larger manufacturing plants are overrepresented. The first of Marshall's (1890) agglomeration economies was measured by asking respondents about the skill level of the workforce employed at the manufacturing plant. Highly skilled employees were defined as employees trained at university degree level (or to the industry's own equivalent standard) such as formally qualified engineers, researchers, technologists, or scientists (Robson and Bennett, 2000; . Importantly, this approach to measuring employee skills has been used by a number of empirical studies within economics, geography and the wider social sciences (Koser and Salt, 1997; Robson and Bennett, 2000; ). Our rationale is that manufacturing plants with a highly skilled workforce are more likely to rely upon a local pool of skilled labour, which is one of the defining characteristics of Marshall's (1890) trinity of agglomeration economies. To ensure measurement accuracy, respondents were asked to use the internal payroll list of their manufacturing plant to calculate what percent of their employees were highly skilled. During the interviews, many respondents emphasized that they relied heavily upon a local skilled labour market, and this reliance was especially apparent within the metals industry because of the local concentration of skilled engineers, researchers, and scientists trained in metallurgy, materials science and the engineering sciences. Admittedly, using plant level data is less satisfactory than detailed census level data, but an overall analysis of employee skills across the city-region was outside the scope of our study. Whilst our measure of employee skill is consistent with measures used in regional, national, European, and international surveys, it is, of course, not without its limitations. Just as Marshall (1890) did, we are making the assumption that the majority of employees are hired from and reside within the South Yorkshire region. A further assumption is that, like Marshall's (1890) original study, we are assuming that plants employing highly skilled employees are likely to rely upon a local pool of skilled labour, which is in keeping with past empirical research within the city-region (Tweedale, 1995; Watts et al., 2003) . However, it should be acknowledged that this may not apply to all the manufacturing plants, as younger firms, branch plants and greenfield investments are less likely to rely upon the existing skill base within the region (Dunning, 2000) . In view of these concerns, our interpretation of the results relating to the local pool of skilled labour proceeds cautiously.
Local supplier linkages
We measured the second of Marshall's (1890) trinity of agglomeration economies by asking respondents a series of detailed questions about the degree of linkage between their manufacturing plant and local suppliers within the region (Hirschman, 1958) . We expect that manufacturing plants with greater local supplier linkages are more likely to depend upon a local supplier market, which Marshall (1890) identified within the cityregion. Three variables were used to measure the degree of local supplier linkage. The initial measure focuses on whether manufacturing plants source materials or components from any local suppliers located within the city-region (LSL 1 ) . The second measure concerns whether plants source from a local key supplier within the city-region that accounts for 5% or more of their expenditure on materials and components (LSL 2 ) (Crone and Watts, 2003) . The third measure is the percentage of the expenditure of the manufacturing plant (by value) on materials and components sourced from local suppliers within the city-region (LSL 3 ) (Hewitt-Dundas et al., 2005) . During the interviews, many managers explained that although there had been a long history of local sourcing within the metals agglomeration, many firms were adapting by shifting from local sourcing to global sourcing because of the cluster's decline (i.e. supply chain evolution).
Local knowledge spillovers
The last of Marshall's (1890) trinity of agglomeration economies focuses on the extent of local knowledge spillover within the city-region, what Marshall (1919, 176) described as Sheffield's unique 'industrial atmosphere'. Since Krugman's (1991a, 53) declaration that knowledge spillovers '. . .are invisible; they leave no paper trail by which they may be measured and tracked', the measurement and importance of local knowledge spillovers has attracted some considerable debate within economic geography (Jaffe et al., 1993; Martin and Sunley, 1996) . In response to Krugman's (1991a ) comments, Jaffe et al. (1993 point out that 'knowledge flows do sometimes leave a paper trail' in the form of patent citation data. However, using patents as approximations for local knowledge spillovers has the potential to introduce a substantial bias towards R&D spillovers from growing firms at the start of the Agglomeration Life Cycle (ALC) Model.
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Conversely, we still do not know what impact local knowledge spillovers have towards the end of the Agglomeration Life Cycle (ALC) Model, especially within the context of a declining agglomeration (Martin and Sunley, 2003) .
To overcome these limitations, we asked respondents whether their manufacturing plant had received knowledge from any local organization located within the region's manufacturing industry within the past 3 years, such as from local customers, material input suppliers, machinery, equipment or tool suppliers, service suppliers, or other local manufacturing plants (Crone and Roper, 2001; Potter et al., 2003) . Local knowledge spillovers were defined as knowledge the manufacturing plant valued at a minimum of one thousand pounds sterling (i.e. approximately $1850), or the equivalent of 5 days of inter-firm knowledge transfer. Importantly, this definition of a local knowledge spillover allows us to distinguish knowledge that respondents regard as having an underlying value from codified information that is exchanged frequently between firms (Breschi and Lissoni, 2001) . Furthermore, to verify these local knowledge spillovers, respondents were also asked to describe in detail the types of knowledge they had received. Within this study, the majority of local knowledge spillovers consisted of technical, technological, or scientific knowledge related to the metal steel industries. Although this measure does not capture the effect of region-specific untraded interdependencies, relational norms or local buzz (Bathelt et al., 2004; Storper and Venables, 2004) , it does capture Marshall's (1890) original notion of local knowledge spillovers, and it does ensure measurement consistency by standardizing the measurement of local knowledge spillover from different local organizations.
Economic performance
During the interviews, respondents kindly agreed to allow us access to the financial accounts of their manufacturing plants for the previous 3 years and, in many cases, confidentiality agreements were signed to ensure access to this sensitive economic data. Using this detailed plant-level data enabled us to measure the impact of agglomeration economies on economic performance to a greater degree of detail than that achieved by earlier empirical studies, which often had to rely upon aggregated data at the firm level or regional scale. Furthermore, by cross-referencing the data from the internal financial accounts of the plant with that from registered public financial accounts, annual financial reports, and data from secondary sources, we were able to measure economic performance to a high degree of accuracy. The measures of economic performance used in this study include: cost performance (i.e. material costs, labour costs, total costs, cost growth and productivity), sales performance (i.e. sales turnover, turnover growth, and price competitiveness), and profit performance (i.e. profitability, profit margin, profit growth and employment growth). This resulted in the creation of a large number of multivariate models; therefore the following discussion focuses on the models that identified a statistically significant relationship between Marshall's agglomeration economies and economic performance.
Empirical analysis
Within this study, we used a two-step approach to the empirical analysis. First, we used multivariate regression analysis to investigate whether each of Marshall's (1890) trinity of agglomeration economies decreases the economic performance of all manufacturing plants within the manufacturing sector of the city-region. Importantly, this enables us to replicate as closely as possible the original study that Marshall (1890) undertook within the city-region, which focused on interviewing managers of manufacturing plants from a variety of industries. Second, we focused upon a sub set of manufacturing plants within the metals industry where, because of the smaller number of such plants, we used bivariate regression analysis. This two step approach allows us to examine whether Marshall's agglomeration economies are presently generating diminishing returns for the whole manufacturing sector within the city-region, or are confined to the metals industry, as the Agglomeration Life Cycle (ALC) Model would suggest. Further details of the bivariate regression analysis that is used to analyse manufacturing plants within the metals industry can be found within Section 5.4.
In our multivariate regression analysis, each model contains a dependent variable that measures economic performance, which is then followed by a series of independent variables that include one of our three measures of Marshall's (1890) trinity of agglomeration economies and a number of control variables. In situations where the measure of economic performance was an interval measure, we used a multivariate ordinary least squares (OLS) regression model (Greene, 2008) . Where the economic performance measure was dichotomous, we used a multivariate logistic regression model, which uses a maximum likelihood estimation method (Gujarati, 2005) . Within all of our models, we controlled simultaneously for the impact of a series of control variables, including plant size, plant age, competition, export intensity, patent innovation, and multinational ownership (more details of these variables can be found in the Appendix) (Robson and Bennett, 2000; Malmberg et al., 2000; Dunning, 2000) . Overall, multicollinearity analysis and assumption tests indicate that our multivariate models remain robust, and their ability to explain variations in economic performance is in accordance with similar empirical studies (Kennedy, 2003) . Although some of the results from the models may initially seem to have a low level of model fit, they are in keeping with similar empirical research into the determinants of economic performance, which often experience low levels of model fit (Greene, 2008) . However, it should be noted that Marshall's (1890) agglomeration economies appear to only have a marginal effect on economic performance, which illustrates that their importance has diminished over time, especially as the agglomeration has declined in size within the city-region.
Econometric results: when agglomeration generates diminishing returns

Declining agglomeration: the negative impact of a local pool of skilled labour
We begin by examining whether the first of Marshall's (1890) trinity of agglomeration economies-a local pool of skilled labour-decreases the economic performance of manufacturing plants within the city-region. To recap, respondents were asked during the interviews to quantify the percentage of their employees that are highly skilled (Robson and Bennett, 2000; ). On average, a mean and median of 50% of employees were identified as highly skilled. Using this data in conjunction with data collected on the characteristics of the manufacturing plants and their economic performance, we then created a series of multivariate regression models. The empirical results from these models provide some support for our first research hypothesis, and Evolutionary agglomeration theory . 435 indicate that relying on skilled labour decreases the economic performance of manufacturing plants. Specifically, the results in Tables 1 and 2 demonstrate that manufacturing plants with highly skilled employees are statistically more likely to experience higher labour costs and higher total costs. Furthermore, these empirical results remain statistically significant at the 95% (P50.05) and 99% (P50.01) levels, respectively, whilst controlling simultaneously for the influence of a series of control variables. These empirical results indicate that reliance upon skilled labour does indeed decrease the economic performance of the manufacturing plants within the city-region. However, as noted in Section 4.4, we need to be cautious in linking the poor economic performance of manufacturing plants with a reliance on a local skilled workforce.
One possible explanation for these results is that although the employees are highly skilled, they may be skilled in outdated routines, discontinued technologies and established knowledge, and importantly, may have become locked-out of the new knowledge to emerge from late-movers into the industry (Lieberman and Montgomery, 1988; Martin and Sunley, 2006) . Furthermore, it may be the case that during the later stages of the Agglomeration Life Cycle (ALC) Model the types of skills demanded by the industry change as a result of knowledge codification, product standardization, capital intensive production, vertical integration, and disruptive innovations, so that the supply of skills within the agglomeration are no longer valued as much as they once were (Scott, 1983; Phelps and Ozawa, 2003) . In light of all of this, the inward migration of highly skilled employees, such as entrepreneurs, star scientists, and key engineers from new industries and emerging agglomerations that are located outside of the region may be one of the ways to transfer and infuse new knowledge into the lagging region (i.e. which is analogous to the biological theory of gene flow, whereby new routines flow into the region through inward migration) Slatkin, 1987; Womack et al., 1990) .
Declining agglomeration: the negative impact of local supplier linkages
To recall, we used three different variables to measure the degree of linkage between manufacturing plants and local suppliers within the city-region. We found that 64% of manufacturing plants source locally from suppliers within the city-region (LSL 1 ) and, in particular, some 43% of manufacturing plants source from a key supplier that is based locally (LSL 2 ). Examples of these local key suppliers included metal input suppliers, large metal steel producing plants, metal processing plants, metal rolling mills, and metal foundries, casters and forgers. In addition, the third measure of local supplier linkage focuses on the percentage of materials expenditure spent locally (LSL 3 ), which illustrates that manufacturing plants source a mean of 17% and a median of 4% of their materials from local suppliers within the city-region. The skewed distribution of this data suggests that whilst many manufacturers source only a small proportion of their materials from local suppliers, a group of manufacturing plants with substantial local supplier linkages exists, especially with respect to key suppliers within the region. In addition, because of the non-normal distribution of the third measure of local supplier linkage (LSL 3 ), there is a clear statistical rationale for using the second measure (LSL 2 ) within the multivariate analysis (i.e. key supplier within the region). These results are similar to earlier studies, which found that local supply chain linkages tend to be comparatively weak, especially within mature and declining agglomerations, even though there remains a degree of spatial clustering activity (Lever, 1972; Watts, 1981; Phelps, 1992; Watts et al., 2003) . To examine whether the different measures of local supplier linkage could influence the results from the multivariate analysis, each of the three measures was included in separate multivariate models. These results clearly demonstrate that maintaining linkages with key suppliers within the city-region decreases the economic performance of manufacturing plants (i.e. LSL 2 ). First, manufacturing plants with local supplier linkages to key suppliers within the region are more likely to have experienced cost growth over the previous 3 years, a relationship that remains statistically significant at the 95% level (P50.05) (Table 3) . Second, sourcing from key suppliers within the cityregion not only increases the likelihood of cost growth, but more importantly, it also decreases the plant's profit margin, a negative relationship that is also statistically significant at the 95% level (P50.05) (see Table 4 ). Finally, further multivariate analysis reveals that sourcing from key local suppliers also reduces the likelihood of profits growth (P50.10) and profitability (P50.05). Whilst acknowledging the limitations of our analysis, it appears that many plants continue to be locked-in to old supply chain networks of uncompetitive local suppliers that supply comparatively highly priced products that have a negative impact on economic performance, and this concern was also mentioned by many of the managers we interviewed. Further analysis also reveals that sourcing from key suppliers has no significant beneficial impact on any of the measures of economic performance used in this study, which is in contrast to many theories and policies that emphasize the importance of local sourcing and clustering to firm performance and regional development (Porter, 1990; Krugman, 1991b) . Consequently, manufacturing plants are likely to adapt by breaking up these redundant linkages to the local supplier market that coevolved within the city-region (i.e. adaptive behaviour), which will decrease the network centrality and connectivity of the agglomeration within the industry and along the supply chain (i.e. supply chain evolution) (Wal and Boschma, 2010) . In many ways, these results are similar to early research by Grabher (1993) into the weakness of strong ties within the Ruhr Valley metal steel industry, Martin and Sunley's (2006) theoretical analysis of the negative lock-in effect, and Johansson and Quigley's (2004) recent discussion of the substitution of agglomeration economies by network economies.
Declining agglomeration: the negative impact of local knowledge spillovers
Finally, we now explore the last of Marshall's (1890) trinity of agglomeration economies: local knowledge spillovers. Here we test our final research hypothesis that local knowledge spillovers decrease the economic performance of manufacturing plants during the later stages of the Agglomeration Life Cycle (ALC) Model. The empirical results indicate that all the manufacturing plants within our research had formed local linkages with at least one local organization within the local manufacturing industry in the city-region, and that 32% of manufacturing plants had received a local knowledge spillover from them in the past 3 years. These results suggest that a group of manufacturing plants continues to rely upon local knowledge spillovers from within the city-region. Broadly speaking, although an industrial atmosphere of local knowledge spillovers still exists within the region, it has been diminishing over time and currently represents a diminishing industrial atmosphere rather than the rich industrial atmosphere that Marshall (1890) identified. Tables 5 and 6 outline the results from the multivariate 
Notes:
Using multivariate logistic regression models, further analysis reveals that local knowledge spillovers also reduce the likelihood of turnover growth (P50.05).
ÃÃÃ
Significant at the 99% level;
ÃÃ
Significant at the 95% level; Ã Significant at the 90% level (one-tailed tests). 
Notes:
Using multivariate logistic regression models, further analysis identifies that local knowledge spillovers also increase the likelihood of cost growth (P50.10).
analysis, which indicate that local knowledge spillovers decrease economic performance, and importantly, do not have any statistically significant beneficial impact on the manufacturing plants. All other things being equal, manufacturing plants that receive local knowledge spillovers generate lower sales turnover and are also less likely to experience profit growth. The negative impact of local knowledge spillovers on sales turnover is statistically significant at the 95% level (P50.05), and the negative impact of local knowledge spillovers on profit growth is statistically significant at the 99% level (P50.01). In addition, further multivariate analysis illustrates that local knowledge spillovers also reduce the likelihood of turnover growth (P50.05), and increase the likelihood of cost growth (P50.10). Importantly, these results indicate that local knowledge spillovers, which are often assumed to be the primary drivers of increasing returns and economic development (Romer, 1986; Griliches, 1992; Jaffe et al., 1993) , can, under certain circumstances, decrease the economic performance of manufacturing plants and potentially lead to diminishing returns for regional development. Somewhat ironically, these results are drawn from the same city-region which Marshall (1890) described as having a rich 'industrial atmosphere', and which many economic geographers regard as the first archetypal example of the benefits of local knowledge spillovers. Conversely, during the later stages of the Agglomeration Life Cycle (ALC) Model, it appears that many of the firms within the declining agglomeration have adapted their supply chain linkages by relying upon global pipelines (Bathelt et al., 2004) , global value chains (Bair and Gereffi, 2001 ) and global production networks (Henderson et al., 2002) to receive new knowledge transfers (i.e. global horizontal gene transfer). These new knowledge transfers often originate from late movers into the industry, and from firms located in new industries and emerging agglomerations in other parts of the world. For example, many respondents highlighted that they had recently adapted by implementing Japanese management practices that originate from the automotive industry, such as Lean Production, Just in Time delivery, Kaizen continuous improvement, and Total Quality Management (Womack et al., 1990) .
Marshall's (1890) agglomeration economies and the industry life cycle
In summary, the empirical results from the multivariate regression analysis appear to indicate that Marshall's (1890) agglomeration economies are decreasing the economic performance of plants within the manufacturing sector of the city-region. In total, within the manufacturing sector, Marshall's (1890) agglomeration economies are found to have 10 significant negative impacts on economic performance. It appears that none of Marshall's (1890) trinity of agglomeration economies has any significant beneficial impact on the economic performance of manufacturing plants whatsoever, which is in contrast to the large number of theories and policies within economic geography that emphasize such a relationship (Porter, 1990; Krugman, 1991a; Fujita et al., 1999) . During the later stages of the Agglomeration Life Cycle (ALC) Model, manufacturing plants improve their economic performance when they reduce their dependence upon a local pool of skilled labour, break up redundant local supplier linkages, and reduce their reliance upon local knowledge spillovers. However, we still need to investigate whether the negative impact of Marshall's (1890) agglomeration economies on economic performance is affecting the whole manufacturing sector, or whether, as Evolutionary agglomeration theory . 441 our theory would suggest, it is confined to a subset of plants within the metals industry that is towards the end of its industry life cycle.
To achieve this goal, we separate the sample into three different groups of manufacturing plants: the whole manufacturing sector, the metals industry only, and the non-metals industries. Just as before we use OLS and logistic regression models to explore whether each of Marshall's (1890) trinity of agglomeration economies decrease economic performance, whereby each dependent variable is a measure of the plant's economic performance and each independent variable is a measure of Marshall's (1890) agglomeration economies. However, as the size of the sample has been restricted, we use bivariate regression analysis with one dependent variable and one independent variable. By restricting the bivariate regression analysis to only a subset of manufacturing plants within the metals industry, this does limit the ability of the regression results to be representative of the wider population of manufacturing plants within the city-region. Furthermore, as bivariate regression analysis is unable to control simultaneously for other factors that also influence economic performance, this can introduce substantial limitations, such as spurious relationships and omitted variable bias, which need to be taken into consideration (Kennedy, 2003) .
Following formal definitions used in the engineering sciences (Pickering, 1978) , we classify a manufacturing plant as being within the metals industry if the majority of its material inputs or final products contain either a ferrous or non-ferrous metal (Tweedale, 1995) . Using this approach, we find that the majority of manufacturing plants, some 62%, were identified as being within the metals industry, which indicates that we are capturing the contours of the metals agglomeration within the city-region. Examples of manufacturing plants within the metals industry include: metal steel producers, metal bar and tube producers, metal rolling mills, metal drawing mills, first processors of metal, metal ingot manufacturers, metal foundries, metal casters, metal forgers, metal pressing and stamping firms, metal finishing firms, metalworking firms, metal precision engineering firms, and fabricated metal product manufacturers.
In order to illustrate the long-standing presence of the metals industry within the cityregion, we collected data on the ownership history of each manufacturing plant in order to provide a barometer of how the sampled firms represent the contours of the metals industry life cycle. First, the majority of the manufacturing plants within this study operated within the metals industry, and many of these managers explained to us how the metals industry and the local metals agglomeration had evolved over time. Second, our research includes a number of the metal manufacturers that Marshall (1890) studied when he conducted his face-to-face interviews with managers of manufacturing plants within the city-region. Furthermore, approximately 25% of the manufacturing plants within our study were established before the start of the 20th century, and this study also includes many of the oldest metal producing companies in the world (Tweedale, 1995) . Third, this history of local ownership is clearly illustrated by the fact that 51% of manufacturing plants within our research are owned locally within the city-region, especially within the metals industry. Finally, the stability of the sample is also illustrated by the fact that there was a long history of local ownership within the cityregion with more than half of the manufacturing plants experiencing no ownership change within their company's history. In summary, these findings suggest that although there has been considerable turnover of manufacturing plants, there is a longstanding presence of the metals industry within the city-region.
As expected, the results from the bivariate regression analysis in Tables 7, 8 and 9 identify that the negative impact of Marshall's (1890) agglomeration economies on economic performance is generally more pronounced for the manufacturing plants within the metals industry. First, the results in Table 7 indicate that highly skilled labour increases both labour costs (P50.01) and total costs (P50.10), and this effect is especially apparent within the metals industry rather than the non-metals industries. Second, within Table 8, the B coefficients and level of statistical significance are greater for manufacturing plants within the metals industry, which suggests that the negative impact of local supplier linkages on cost growth (P50.05) and profit margin (P50.05) is more pronounced within the metals industry. Finally, Table 9 presents the results for the impact of local knowledge spillovers, which identify that the negative impact of local knowledge spillovers on sales turnover (P50.05) and profit growth (P50.01) is more acute within the metals industry rather than the non-metals industries. Further bivariate regression analysis for plants within the metals industry also shows that a local pool of skilled labour reduces the likelihood profitability (P50.10); local supplier linkages increase total costs (P50.10), reduce profitability (P50.05), and lower profits growth (P50.05); and local knowledge spillovers increase costs growth (P50.05). In total, within the metals industry, Marshall's (1890) agglomeration economies are found to have 11 significant negative impacts on economic performance, and no beneficial impact whatsoever. It is therefore possible to deduce that the negative impact of Marshall's agglomeration economies is confined primarily to the metals industry, which, importantly, is the polar opposite of the conclusions made by Marshall (1890) when he studied the Sheffield metals industry towards the start of the Agglomeration Life Cycle (ALC) Model. In summary, these results clearly illustrate that we are detecting the decline of the metals agglomeration at the end of the Agglomeration Life Cycle (ALC) Model, and that whether Marshall's (1890) agglomeration economies generate increasing returns or diminishing returns does indeed depend on time, and especially the evolution of the industry life cycle. Just as Marshall identified that his agglomeration economies were industry specific and represent what we now call localization economies (Hoover, 1937) , we too have found that Marshall's (1890) agglomeration economies are industry specific, but are now generating diminishing returns rather than the much cited increasing returns that Marshall (1890) found within the city-region.
Theoretical discussion: 'timing is everything'
Traditionally, economic geographers argue that agglomeration and geographical proximity can improve firm performance, create increasing returns, generate urban development, and foster regional growth (Krugman, 1991a , 1991b , Arthur, 1994 Baldwin et al., 2003) . Many justify this association by invoking Marshall's (1890) agglomeration theory, and his classical example of agglomeration: the industrial districts of the Sheffield metals industry (Krugman, 1991a; Venables, 1999; Fujita et al., 1999; Storper, 1989; Scott, 1999; Amin, 2002; Bathelt et al., 2004; Becattini, 2006) . Using multivariate econometric analysis, our empirical results show that each of Marshall's (1890) trinity of agglomeration economies is currently decreasing the economic performance of manufacturing plants within the same city-region where Marshall (1890) Notes: Within the metals industry, further bivariate analysis reveals that highly skilled labour also reduces the likelihood of profitability (P50.10). ÃÃÃ Significant at the 99% level; ÃÃ Significant at the 95% level; Ã Significant at the 90% level (one-tailed tests). Notes: Within the metals industry, local supplier linkages (LSL 2 ) also increase total costs (P50.10), reduce profitability (P50.05), and lower profit growth (P50.05). ÃÃÃ Significant at the 99% level; ÃÃ Significant at the 95% level; Ã Significant at the 90% level (one-tailed tests). returns. Whilst bearing in mind the limitations of our empirical analysis and the overrepresentation of larger manufacturers, it appears that the manufacturing plants that rely upon a local pool of skilled labour experience higher labour costs and higher total costs, maintaining local supplier linkages causes cost growth and lower profit margins, and receiving local knowledge spillovers creates lower sales turnover and lower profit growth. Crucially, we also demonstrate that the negative impact of Marshall's (1890) agglomeration economies on economic performance is confined primarily to the metals industry that is towards the end of its industry life cycle, which importantly, is the opposite of the conclusions made by Marshall (1890) when he studied the same agglomeration at the start of the industry life cycle.
Somewhat ironically, whilst many economic geographers continue to use Marshall's (1890) agglomeration theory to argue that agglomeration generates increasing returns (Porter, 1990; Krugman, 1991a) , the original agglomeration wherein Marshall (1890) discovered his theory has caused the city and the surrounding region to evolve into one of the poorest regions in Europe (European Commission, 2005) . Furthermore, it is rarely acknowledged within the economic geography literature that it was during the early stages of the industry life cycle that Marshall (1890) interviewed firms within the city-region and concluded that these firms were experiencing increasing returns from a trinity of agglomeration economies. However, when we interviewed similar manufacturing plants from the same city-region, but during the later stages of the industry life cycle, we find that Marshall's (1890) agglomeration economies are creating diminishing returns instead. For example, using the population of the city of Sheffield over the past 200 years as a general approximation of the evolution of the Agglomeration Life Cycle (ALC) Model, it is clear to see that Marshall's (1890) agglomeration theory only applied to a particular time period in the life cycle of the metals industry (Figure 3) .
Over a century ago, Marshall (1890) warned explicitly that agglomeration was a double-edged sword for economic development. A close inspection of Marshall's (1890, 273) classical texts reveals that he also argued that agglomeration can generate substantial diminishing returns, which could culminate in 'extreme depressions' if an agglomeration is dependent on one industry for its economic development (Martin, 2006) . This agglomeration risk is rarely cited or acknowledged, which is surprising considering that our results show that this is precisely what eventually happened to the city-region where Marshall (1890) argued that agglomeration generated increasing returns. As Marshall (1890) goes on to argue, one of the ways to avoid this agglomeration risk is for the city-region to contain a heterogeneous industrial base that incorporates a variety of different industries and agglomerations. In the words of Marshall (1890, 273) , 'this evil is in a great measure avoided by those large towns or large industrial districts in which several distinct industries are strongly developed. If one of them fails for a time, the others are likely to support it indirectly. . .' In other words, for city-regions with a heterogeneous industrial base and a diverse number of industries at different stages of their life cycles, the decline of one industry can be offset or mitigated by the growth of other industries. Although many economic geographers associate Marshall (1890) with the advantages of regional specialization (i.e. the socalled Marshall Arrow Romer perspective) , it is worth noting that he also highlighted the importance of heterogeneity, variety and diversity to economic growth (i.e. the Jacobs perspective) (Jacobs, 1969; Glaeser et al., 1992) . For example, Marshall (1890, 272) argues 'The advantages of variety of employment are combined with those of localized industries in some of our manufacturing towns, and this is a chief cause of their continued growth.' We call this the heterogeneity paradox. To resolve it, we suggest that the importance of regional specialization and diversity to development varies depending upon timing and especially the evolution of the industry life cycle (Menzel and Fornahl, 2009; Neffke et al., 2010; Wal and Boschma, 2010) .
Conclusions and future research directions
Since Darwin's (1859) classic publication On the Origin of Species and Marshall's (1898, 43-47) declaration that 'the Mecca of the economist is economic biology', there has been a growing interest within economics and the wider social sciences in evolutionary models, theories, concepts, perspectives, metaphors, and methodologies (Schumpeter, 1942; Nelson and Winter, 1982; Hodgson, 1993) . Recently, Boschma and Martin (2007) have outlined an evolving theoretical framework for a third approach to economic geography that complements the neo-classical and the institutional approaches, whilst simultaneously drawing upon research from evolutionary economics and biology (Boschma and Lambooy, 1999; Boschma and Frenken, 2006; Boschma and Martin, 2007; Essletzbichler and Rigby, 2007) . According to Boschma and Frenken (2006) , Evolutionary Economic Geography (EEG) '. . . aims to improve our theoretical and empirical understanding of the economy as an evolutionary process that unfolds in space and time'. As Boschma and Frenken (2006) point out, evolutionary economic geography explains regional development similarities and differences from the micro-histories of individual firms and industries that operate within territorial contexts (Martin and Sunley, 2006; Frenken and Boschma, 2007; Frenken, 2007) . Put simply, 'history matters' (David, 1985) . Building upon this evolutionary turn within the economic geography literature, we outline an Evolutionary Agglomeration Theory (EAT) that argues that the industry life cycle plays a pivotal role in explaining the evolution of firms, industries, agglomerations, networks, supply chains, increasing returns, diminishing returns, cities and regions. Such an approach views the growth and decline of the industry life cycle as a important determinant of the rise and fall of different agglomerations and city-regions through time and across geographical space (Boschma and Frenken, 2006; Boschma and Wenting, 2006) . This approach enhances our understanding of the life cycle of agglomerations from their birth and growth to their eventual maturity and decline, and emphasizes that the importance of regional specialization and diversity to development varies throughout the industry life cycle (Wal and Boschma, 2010; Menzel and Fornahl 2009; Neffke et al., 2010) . By extension, we suggest that that similarities and differences between territories can be understood in the context of long term evolutionary processes and structural change (Boschma and Frenken, 2006) , and that diverging regional development trajectories represent the spatial outcome of city-regions that have become locked into industries that are at different stages of the industry life cycle.
According to Evolutionary Agglomeration Theory (EAT), Marshall's (1890) agglomeration economies evolve over time and across geographical space in a manner that represents an Agglomeration Life Cycle (ALC) Model. Specifically, we have argued that Marshall's (1890) agglomeration economies create greater economic performance and increasing returns during the early stages of the industry life cycle, but decreasing economic performance and diminishing returns during the later stages of the industry life cycle. We have investigated this theory by examining empirically whether Marshall's (1890) agglomeration economies decrease the economic performance of manufacturing plants during the later stages of the industry life cycle. To evaluate our research hypotheses, we returned to where it all began: the original agglomeration wherein Marshall (1890) discovered that manufacturing plants experience increasing returns from a trinity of agglomeration economies. Whilst acknowledging the over-representation of larger manufacturing plants and the limitations of our empirical analysis, the econometric results from our multivariate regression models identified that Marshall's (1890) trinity of agglomeration economies are currently decreasing the economic performance of manufacturing plants within the city-region. In short, Marshall's (1890) agglomeration economies have a negative impact on the costs, turnover, and profitability of the manufacturing plants, including measures such as profit margin, which is one of the most important measures of economic performance. Overall, none of Marshall's (1890) agglomeration economies are found to have any statistically significant beneficial impact on economic performance whatsoever. Importantly, we also identify that the negative impact of Marshallian agglomeration economies on economic performance was more pronounced within the metals industry, which as theory suggests, is in accordance with the evolution of the Agglomeration Life Cycle (ALC) Model.
Although our study is limited to the evolution of the agglomeration where Marshall (1890) first discovered that agglomeration economies create increasing returns, our findings raise a number of important avenues for future research to explore. First, future research is required to examine whether Evolutionary Agglomeration Theory (EAT) and the Agglomeration Life Cycle (ALC) Model apply to the development of different firms, industries, agglomerations, networks, supply chains, and city-regions. Broadly speaking, this could explain why many of the industries, agglomerations, networks, and city-regions that evolved from the Industrial Revolution experienced rapid growth and development during the 19th century, but eventually matured and declined throughout the 20th century. Second, greater emphasis could be given to evolutionary processes within the economic geography literature, especially with regards to the evolution of agglomerations, networks and supply chains over time and geographical space, and how managers can successfully adapt their practices, routines, strategies, and dynamic capabilities throughout the life cycle (e.g. supply chain evolution). Furthermore, although a large number of theories and models do focus on evolutionary processes at the beginning of the industry life cycle, comparatively few extend their analysis to the rest of the life cycle, which accounts for the majority of firms within a region's economy (i.e. the timing bias). Third, further research is required to investigate whether diverging regional development trajectories, such as the NorthSouth divide within Great Britain or the difference between the Rust Belt and Sun Belt within the USA, represent the spatial outcome of city-regions that are locked in to industries at different stages of the industry life cycle. Four, future research could explore what is likely to happen when the new industries and growth agglomerations found within the South East of England and Silicon Valley within the USA begin to mature and potentially decline during the later stages of the industry life cycle. Finally, when designing future theoretical models, policies, managerial recommendations, and business strategies, economic geographers need to incorporate into their analysis the fact that Marshall's (1890) agglomeration economies can generate both increasing returns and diminishing returns for economic development, and that this depends to a large extent on the evolution of the industry life cycle. In the words of Hekman (1979) : 'regions don't grow old; products do.'
